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ASSESSING THE VARIATION OF DRIVER                                                                  




Driver distraction has been a major concern in highway safety. Driver distraction is 
related to crashes and crash rate varies with age. Driving experience obviously increases 
with age. The purpose of this study is to determine the relation between driver experience 
and distraction. The study measures the distraction levels of various drivers and assesses 
the variation in distraction based on experience and also gender.  
 
Distraction was defined as looking away from the center of the roadway for more than 2 
seconds. Factors like distraction duration, percent time spent looking at the center of 
roadway and number of glances away from the center were considered in the analysis. 
The distraction factors were measured using a faceLAB eye tracking system. A statistical 
analysis was carried to test the significance of the variation. No significant statistical 
difference was observed in the percent time spent at the center of roadway and the 
number of glances away from the center based on driver experience and gender. A 
statistically significant difference was observed in the number of glances made by each 
group of drivers. Experienced drivers made more glances away from the center compared 
to less experienced drivers and the number was higher for female drivers than male 
drivers. 
 
The analysis leads to conclusion that though the distraction level does not vary by 
experience, more experienced drivers exhibit better scanning of the roadway 
environment. No difference was observed in the distraction between male and female 
drivers. However, female drivers exhibited better scanning patterns than male drivers in 
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Driver distraction is a major concern in highway safety.  A driver is said to be distracted 
when he/she spends a longer time than required for the safe operation of the vehicle, at 
something that attracts his/her attention, thus leading to a deviation from the primary task 
of driving (1). It has been found that distraction is related to crashes. Back in the 1980’s, 
National Highway Traffic Safety Administration (NHTSA) estimates that 25 to 30 
percent of all crashes are due to the various kinds of driver distraction (2). An analysis of 
distraction can lead to a greater understanding of the variation in distraction exhibited by 
different drivers and to what extent distraction leads to crashes. 
 
Driver distraction can be due either to on-road, in-vehicle or driver factors. Billboards 
and advertisements along the roadway and the traffic itself account for the bulk of the on-
road distraction factors. Cellular telephone conversations and text messaging, Global 
Positioning System-aided map displays, stereo systems and conversations include the 
major in-vehicle distraction factors. A driver’s physical and mental workload, fatigue, 
age and experience form some of the driver factors contributing to distraction. An 
increased level of distraction or inattention of driver leads to traffic crashes. 
 The behavior of a driver varies by age and health (26) (27) (28). The driving skills of 
older drivers decrease with an increase in perception-reaction time, a decrease in agility 
and a decrease in visibility. These factors affect the older driver’s ability to avoid some 
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Figure 1: Variation of fatality rates with age group 
 
 (Source: Transportation Research Board, Transportation in an Aging Society: Improving 
Mobility and Safety for Older Persons, Special Report 218[1988].) 
 
As shown in the Figure 1, fatality rates and age follow a U- shaped function, i.e., the 
fatality rates decrease as driver age increases. After a certain age, fatality rates start to 
increase again (3). Fatality rates are the highest for drivers between 15 to 19 years of age. 
The rates decrease with age and remain relatively constant for about until 64 years of age 
and then start increasing.  
 
It is, perhaps, not clearly evident from past research whether the higher crash rate in 
young, novice drivers is due to inexperience or a higher distraction level. It has been 
stated that the crash rate varies depending on driver age and that distraction is the cause 
for many crashes. But, is distraction related to age? Are younger drivers easily distracted 
by roadway or in-vehicle factors? Is it possible there is difference by gender? It depends 
on how distraction is defined. Further research in this direction may lead to a greater 




considered a derivative of age” and as experience increases with age (34), further 
analysis can also help understand the relation between driver distraction and experience. 
                         
“Looking in the wrong direction or taking your mind off driving at a critical moment can 
lead to a disastrous consequence while driving” (4). In 1977, “recognition errors” were 
reported to be the causes for 92.6 percent of crashes involving human factors (5). Most of 
the previous studies have concentrated on testing the inattention or distraction of drivers 
either on a test track or in a simulated environment. Though driving situations today are 
more complex given the presence of multiple in-vehicle technologies, advancements in 
driver assessment technology can help examine the distraction levels in an actual road 
environment. The causes of the distractions may also be determined.   
 
Drivers should be attentive to react to any situation right away. Any delay in this reaction 
is said to be a consequence of looking away during a critical event (6). Visual disruptions 
like faster saccades (fast eye movements), blinks and occlusions (eye closures) can also 
impair the visual system’s ability to respond in a timely manner (7). This emphasizes the 
need to focus on assessing the distraction induced by visual factors on drivers.  
 
1.2 PROBLEM STATEMENT 
 
It is possible that driver inattention, and more specifically distraction, varies with age and 
the experience level of the drivers. Recent research suggests that young and novice 




cannot deal with complex situations in the presence of a secondary task due to their lack 
of experience (14). Research done by Lee, et al., on the other hand, suggests that novice 
drivers and experienced adult drivers made an almost equal number of glances under base 
driving conditions (8). Past research has also suggested that novice drivers tend to be 
more cautious while on the road compared to experienced drivers, i.e. they keep their 
eyes set at the center of the road for longer periods of time (probably assuming that 
looking straight at the roadway is the only need for careful driving) in less complex 
driving situations (8). A comparison of the inattention exhibited by novice drivers versus 
experienced drivers can help understand the level of distraction they undergo. Distraction 
can be caused due to several factors like roadside advertisements, surrounding traffic, 
traffic signs and conversations with other passengers in the vehicle. 
 
Driver age and experience are related to each other, and there exists a variation in crash 
rate depending on both age and experience, but is there a relation between distraction and 
experience? Is it possible there is a difference by gender? It seems like this question has 
not yet been clearly addressed in past research. There is a chance that young and novice 
drivers are more easily distracted than experienced drivers.  
 
Thus, the purpose of this study is to assess and compare the variation in distraction 
exhibited by drivers depending on experience. The study further analyzes the variation in 





Several factors that may lead to distraction like global positioning systems (GPS) 
displays, cellular telephones and billboards have been emphasized in the past but not 
many studies have been done on verbal/oral distraction. An interactive conversation 
could make a driver inattentive. A study that considers conversations in the car as a factor 
contributing to distraction, along with advertisements and traffic that are common to all 
drivers, would provide a better understanding of how distraction varies with age and 
experience. 
 
The major tasks of this study are to: 
1. Determine how driver visual distraction can be defined and measured 
2. Develop a method to track the distraction based on the definition given 
3. Design an experiment to track and assess the variation in distraction by the use of 
appropriate equipment and software 
4. Recruit participants as required, based on age and experience  
5. Conduct the experiment as designed 
6. Analyze the data collected and draw inferences from the results obtained 
 
Performing the tasks listed above may lead to a greater understanding of the extent of 
distraction and how much it varies with driver experience. Assessing the distraction 
levels can help develop ways to improve driving skills. Extension of the study may also 
lead to the development of ways to mitigate the number of crashes due to driver 




2. LITERATURE REVIEW 
 
Driving is a complex task that demands carrying out various functions safely at a time. 
The most important of the tasks is vehicle control, which involves maintaining the right 
speed, headway and lane position while looking at the traffic around to maintain a safe 
gap in the traffic stream (9). “Driver errors occur when attention is focused away from a 
critical roadway event in which vehicles, traffic signals and signs are seen but not acted 
upon or are missed altogether” (30).  Past research suggests that improper attention by 
drivers is a dominant factor in traffic crashes (10).  
 
Research done by National Highway Traffic Safety Administration (NHTSA) suggested 
that driver distraction and traffic crashes are related (2). The extent of driver involvement 
in crashes decreases with experience as experienced drivers exhibit better road scanning 
patterns (8). Research has shown that young drivers tend to speed in traffic, pull into 
smaller gaps and glance away from the road (3) (24) (25) while experienced drivers 
increase their situation awareness and scanning pattern when on the road (8).  A study on 
the variation of driver distraction with experience can help in understanding the relation 
between the two. This can further help in developing measures to be taken in order to 
reduce the number of traffic crashes due to distraction. 
 
This literature review considers examining the relation between driver experience and 
extent of distraction and helps developing a method to test the relation between the two. 




of distraction. It later explains the various factors that can cause distraction depending on 
its relation with the road user. It further provides an analysis of various methods and 
technologies that have been adapted in the past to track the extent of distraction. The 
review continues with explanation of the variation of distraction with driver experience. 
 
2.1 Driver Distraction 
 
Driver distraction has been defined as a deviation from the primary task of driving (1) 
(34). Driver distraction has also been defined as looking away from the roadway for more 
than 2 seconds (32) (33). According to Trent et al., glance duration of greater than 2 
seconds indicates a task difficulty i.e., the secondary task is negatively influencing the 
primary task of driving (4). The task of driving can be categorized into control, guidance 
and navigation.  Table No. 1 describes the various operations that a driver has to carry on 
while on the road. Any distraction caused to a driver at the control level can lead to a 
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Figure No.  2: Frame work of the concepts in Driving Task 
                         (Source: Paul H. Wright, Highway Engineering, 6
th
 edition)  
Driver’s mental awareness can be classified into distraction and inattention. Driver 
distraction can also be due to inattention which is called attention distraction. Distraction 
is always due to certain external or driver factors but inattention can be stated as the lack 
of mental concentration of the driver. The attention distraction can lead to a serious crash 
even if the driver does not shift the attention from on-road traffic (10).   
Uno classifies driver attention status into five categories as: 
    1. Attentive 
                                                2. Distracted 
                                                3. Looked but didn’t see 
    4. Sleepy or fell asleep 
    5. Unknown or no driver 
Being attentive is a state in which the driver is in a condition to respond timely to a 




Another status of attention is when the driver looked at the event but was not mentally 
present to respond to that situation. 
Uno also classifies driver distraction status into 13 categories based on the factor causing 
distraction as: 
1. Eating or drinking 
2. Outside person, object or event 
3. Adjusting radio, cassette, or CD 
4. Other occupants in vehicle 
5. Moving object in vehicle 
6. Smoking related 
7. Talking or listening on cellular phone 
8. Dialing cellular phone 
9. Using device/object brought into vehicle 
10. Using device/controls integral to vehicle 
11. Adjusting climate controls 
12. Other distraction 
13. Unknown distraction  
 
Most of the studies have focused on using device/object brought into the vehicle and also 
on using device/object integral to the vehicle. Distractions related to cell phone use have 
been the major concern in most of the recent studies. Various technologies have been 
adapted in the past to track the distraction caused by several factors like bill boards, 




distraction caused due to conversations with other occupants in the vehicle. A study that 
considers the effects of conversing with other occupants in the vehicle, along with other 
on-road distraction factors usually present, can explain how far these factors contribute to 
distraction.  
 
2.2 Classification of Driver Distraction 
 
Distraction can be subjectively classified into visual and non-visual distractions (10).  
Non-visual distractions can be subdivided into auditory, verbal and cognitive distractions. 
Auditory distraction is one in which the driver gets distracted by listening to a 
conversation or surrounding noise. The contributing causes behind verbal distraction are 
talking with a passenger in the vehicle or on a cell phone. Cognitive distraction can be 
due to mental workload. Conversations in the vehicle can be considered as a factor 
contributing to auditory and visual distractions, and depending on the intensity of thought 
applied, to cognitive distraction. Visual distractions are due to the factors that demand the 
visual attention of drivers. Researchers have focused on visual and auditory distractions. 
Talking or text messaging on a cell phone requires looking at the device (visual 
distraction); depending on the type of conversation it can lead to cognitive distraction. 
Audio and verbal distractions can also be caused due to talking on a cell phone. Thus cell 
phones have been considered as major contributors both visual and non-visual 
distractions. 
Researchers have focused on visual distraction as a major contributing cause for crashes 




cognitive distraction to the driver. Past research has indicated that listening and 
responding to a message has reduced the ability to make safe cross-traffic turning 
decisions (9). This indicates that non-visual distractions need more consideration. 
Passengers were reported to be the source of distraction in 10.9% of distractions related 
crashes in the National Automotive Sample System-Crashworthiness Data System 
(NASS-CDS) database for 1995-1999 (11). Talking, arguing or conversing with the 
passenger are reported to be the reasons behind 33% of crashes involving distractions due 
to passengers (12). 
  
According to Hatfield et al., distractions from a passenger can be minimal when 
compared to other in-vehicle distracting factors like cell phones. When driving situation 
demands, more attention can be given to the primary task by stopping the conversation 
with the passengers but this is not the case with cell phones due to social reasons (12). On 
the other hand, presence of a passenger in the vehicle would reduce the crash risk as the 
passenger could warn the driver of an approaching danger or crash risk. Research has 
also shown that experience improves this situation (12).  
 
On the contrary, “the primarily visual nature of the driving task and previously published 
literature would suggest the auditory task would have less impact on the primary task” 
(13). An auditory task can thus be considered to be less distractive compared to a visual 
task. Thus, the relation between auditory-verbal task and distraction is not clearly evident 
from past research. A study on the conversations in the vehicle with a passenger can 




2.3 Factors causing Distraction 
 
Numerous factors have been considered that lead to driver distraction. They can be 
classified as a) in-vehicle factors, b) on-road factors and c) driver factors.  The use of cell 
phones, audio players, global positioning system (GPS), etc., form the in-vehicle factors 
while roadside advertisements, traffic, environment, etc. form the on-road factors. Driver 
factors that might cause distraction include driver alertness, fatigue, mental workload and 
physical and mental condition. The extent of visual distraction caused by each of these 
factors can be attributed to the visual demand each of them requires. Greater the visual 
demand, greater is the level of distraction. Some examples of factors that cause different 
types of distraction in each of these categories are: 
a) Statistical analysis by Schlatter et al. concluded that the number of crashes 
increased by 50% in the test scenario where drivers carried cell phone 
conversations compared to the control scenario (2).  Interactions with passengers 
in the vehicle can also be a source of distraction (11).  
b) Billboards and roadside advertisements have been considered as factors 
contributing to driver distraction. In fact, it is a difficult task to establish a 
relationship between advertising billboards and safety due to several theoretical 
and methodological reasons like, not being able to determine the extent to which 
signs are guiding or distracting the drivers. In spite of the complexities involved, 
researchers have examined the effects of billboards on safety. The results are 
mixed and inconclusive (15). 
c) The driving performance decreased with an increase in cognitive load, it 




look at the road when thinking about something but they are distracted, they are 
concentrating their attention on other matters. This is cognitive distraction. 
 
2.4 Measurement of Distraction 
 
2.4.1 Technologies used 
The major distraction measuring methods that have been adopted in the past are 1) using 
peripheral detection task, 2) memory tasks, 3) by studying the eye movements of drivers 
and 4) other methods.  
 
1) Peripheral detection task: 
This method is sensitive and is used to measure short but high peaks in mental 
workload/distraction levels (35, 36). In this method, an object is presented to the driver 
that appears only for seconds and the driver needs to respond to it within seconds. Any 
delay in this reaction can be due to distraction or inattention of the driver. An analysis of 
the application of PDT to measure distraction suggested that it can only measure the 
variations in selective attention i.e., it can be effectively used to measure cognitive 
distraction (35, 36).  
 
2) Memory Task: 
Memory tasks include testing the driver’s mental alertness. The drivers are presented 
with certain criteria as they drive and are asked to recollect the criteria or objects 





3) Eye Glance Measurements: 
Another method for testing distraction is by tracking the eye movement measures such as 
glance frequency and mean duration (ISO 15002-1/15002-2). Sodhi in his treatise on eye 
movement published in 2002 stated that “Eye movements recorded at high frequencies 
can give important clues to human behavior” (40). Eye glance measurement methods 
have become well standardized (41). Factors that are usually considered in eye movement 
measures are glance frequency (number of glances at a particular target), glance duration 
and percent of time (8). An analysis of the frequency and duration of eye movements can 
give the amount of attention each factor demands. Eye movements can be measured using 
eye tracking devices. In the research done by Sodhi et al., eye movements were tracked 
using a head mounted tracking device and an analysis of the results yielded that the 
attention was distributed between the driving task and the secondary task introduced in 
the study (40). 
 
4) Other methods: 
Other methods that have been used in the measurement of distraction include studying 
the lane keeping tendency and attributing errors like going out of lane to distraction/ 
inattention (37) (38) and testing the attention levels by asking the drivers to perform 
certain set functions. Distraction has also been tested by the use of instrumented vehicles 
that permit quantitative measurements of driver performance such as speed, braking 
performance, acceleration and steering in the field (39). The effect of traffic situations 




physiological responses while driving. Driver responses were recorded using a portable 
Cardiovis ECG system and further analysis was carried out the recorded heart rate was 
used to assess the driver’s workload (48). 
 
Past literature suggests that measurement of the eye movements could be a better way to 
track visual distraction. Secondary tasks always require certain attention for completion. 
All this attention cannot be regarded as distraction as they could be carried out without 
affecting the primary task. Eye movement measures can also help in determining the 
amount of attention that can be given to secondary tasks.  
 
2.4.2 Testing Scenarios 
 
Distraction tests have been carried out in simulators, on test tracks and in real road 
environment. The choice of simulator and on-road study has been contradictory (41). 
Some researchers, though using simulators, argue that naturalistic context could be a 
better way to test (42). The reactions of drivers might not be close to reality considering 
the fact that drivers know that they will not be harmed in a simulator.  
On the other hand, other researchers argue that true testing conditions and criteria can be 
better provided in a simulated environment which can be later generalized to real world 
(43, 44). In case of a simulator, all the testing conditions can be completely provided and 
the researcher has complete control over the experiment. This way it is easier to apply the 





However, a real road environment is preferred wherever possible i.e., when performing 
the experiment does not cause any harm to the driver, as the reactions of drivers can be 
much closer to reality when compared to simulated driving. When conducting a test on a 
real road scenario can be dangerous and a simulated environment is assumed to be not 
closer to reality, a test track would be preferred. This way the driver is not exposed to any 
danger from additional traffic as the vehicular traffic is controlled by the experimenter. 
 
2.5 Level of Experience and Distraction 
 
Drivers need to be cautious and react in a timely manner to a situation. Any kind of 
distraction or inattention delays this process. According to S. J. Kass et al.,(14) “As 
drivers move through the environment, they must identify the relevant information in 
rapidly changing traffic patterns (e.g., distance to other vehicles, closing speed) and be 
prepared to react to events that may occur in order to avoid accidents”. Novice drivers 
due to the lack of experience might not be able to deal with complex road conditions 
when compared to experienced drivers (14). Given this inexperience, young drivers take 
risks and have higher chances of getting distracted when compared to experienced and 
older drivers, thus leading eventually to an increase in fatality rates (3).   
 
On the other hand, experienced drivers make higher number of glances at the mirrors and 
also at the road environment compared to less experienced drivers (8). From the above 




drivers appear to be contradictory. A study on the glance patterns of experienced and 
young novice drivers can help understand the variation in distraction. 
 
An analysis of how distraction varies with experience might be helpful in developing 
ways to reduce the number of crashes caused due to distraction that involve novice 
drivers. Research done by Wierwille and Tijerina (1996) indicated that a considerable 
number of crashes in North Carolina involved distraction due to a source inside the 
vehicle including objects, instruments (cell phone, radio) and interacting with another 
person or animal (45). Thus conversations inside a vehicle may be considered as a very 
important distracting factor.  
 
Distraction can be due to several factors as mentioned earlier. This study focuses on 
distraction caused by standard conversations in a vehicle along with other distracting 
factors like road side advertisements and traffic. Standard conversation can be defined as 
a talk related to what the driver did on the day, climate, classes they are taking, general 
traffic in the city, etc. The conversations thus were limited to those that did not induce 






As driving is primarily a visual task, this study analyzes how driving is affected by 
common visual on-road factors (traffic, advertisements) and non-visual factors (in-
vehicle conversations) by tracking the eye movements. This research thus focuses on the 
analysis of eye glance movements of drivers and compares the data among drivers of 
different experience levels. An eye tracking system can help study the eye glance 
behavior of the drivers. An analysis of the eye glance data can help understand the 
amount of attention contributed to the secondary task. This attention given to the 
secondary task can be defined as distraction if it exceeds the limits. If the driver is 
deviating from the primary task for less than two seconds, it is considered as inattention. 
If this inattention exceeds the two second limit, it can be called distraction. This two 
second limit has been used in past research and has been used considering the average 
perception reaction time required by the driver in order to avoid a crash. A comparison of 
the glance data between experienced and novice drivers can help understand how 
distraction levels change with age/experience as experience is considered a derivative of 
age. This might further help in developing some correction measures that can reduce 
distraction thereby reducing the number of crashes related to distraction.    
 
Distraction in this study is defined as looking away from the center of roadway at 
something not relevant to driving for more than two seconds; this criterion has been used 
in past research (32) (33). The distraction duration was also considered for an period of 




used for further analysis. The main focus is on determining the distraction factors and 
comparing them among drivers of different experience levels and gender. The distraction 
factors considered in this study are: 
1) Total distraction duration, 
2) Number of glances at the center of roadway and  
3) Percent time spent looking at the roadway.  
Distraction duration can be defined as the time when the driver is looking away from the 
center of roadway (COR) for more than two seconds. Total distraction duration is the 
sum of the distraction durations for one driver. 
Equipment: 
As mentioned before, driving is primarily a visual task. There might be visual and non-
visual distractions associated with driving. In order to analyze the amount of visual 
distraction caused by secondary tasks, the use of equipment that tracks the eye 
movements is crucial to this research. Hence, an eye tracking system is required in this 
study. A faceLAB eye tracking system is used, which consists of a set of two cameras 
fixed on the dash board and a laptop that records and saves the data. The equipment 
tracks the eye movement and gaze of the driver as he drives and enables real-time 
analysis of eyelid movement, head pose and gaze direction. The equipment enables the 
tracking of each eye separately and takes into account the blinking and eye closure of the 
driver. The measurements are considered to be accurate as the tracking is based on eyelid 
position rather than bright pupil or corneal occlusion i.e., the measurements are based on 
the position of the eyelid rather than the brightness of the eye or percent of eye closure. 





As the cameras are small and need not be in contact with the driver as compared to the 
head mounted system, they do not pose any additional distraction or inconvenience to the 
drivers. Driver’s eye movements were recorded using this system. 
Some specifications of faceLAB: 
• Automatic tracking initialization when face is only 20 percent of total image 
width; 
• Tracking and recovery up to +/- 90° around neck axis (turn head from shoulder to 
shoulder); 
• Tracking and recovery up to +/- 45° around nod axis (look up / look down); 
• Tracking up to +/- 120° and recovery up to +/- 30° around tilt axis (lean left / 
right). 
• Eye rotations of +/- 45°. 
faceLAB is said to give accurate results when calibrated correctly. The following 
measures are taken in order to avoid any discrepancies.  
• The eye tracking system is calibrated in relation to selected facial positions in 
order to avoid any errors in the final results.  
• Drivers are asked not to wear sun glasses as this could give inaccurate results. 
• Driver’s eye movements might vary with familiarity. Hence a route that is 
familiar to all drivers is chosen. 
 Thus the system was set very carefully and the subjects were carefully selected taking 





Drivers of different experience levels are considered in this study. Young and novice 
drivers, 16 to 18 years old, obtaining their training in driving from a driving school 
comprise the first group of subjects. Students from University High School and 
Morgantown High School in Morgantown, West Virginia were chosen. Drivers with less 
than a year of licensed driving experience, between the ages of 18 and 25, formed the 
second group of subjects. Experienced drivers (5 or more years of experience) between 
the ages of 30 to 50 comprised the third group of subjects. Drivers older than 50 years 
were excluded considering the probability of reduced perception reaction time in older 
drivers. A sample of 30 subjects in each group was considered to be sufficient as there 
might be some discrepancies in some cases and the data cannot be used in such cases. 
Eye movement data was actually collected from 31 participants in second and third 
groups. One participant data was eliminated from third group as the driver was over 50 
years old and from the second group due to technical errors. 
  
Terminology used for the groups: 
• First Group: High school students 
• Second Group: Drivers with less than one year of licensed experience 
• Third Group: Drivers with more than five years of licensed experience 
 
As required by the West Virginia University Institutional Review Board (WVU IRB) 
prior approvals from the Board of Education, parents of high school students, Principal 




in appendices 1through 4. The drivers were given sufficient information about the project 
before they drove and their consent was obtained on signed forms. Consent forms are 
obtained from parents of drivers who are less than 18 years of age. The driver consent 
forms for high school students along with other drivers and the parental assent forms are 
shown in appendices 5 through 7. The distraction exhibited by all of these subjects is 
analyzed to determine the relation between driver experience and distraction. Distraction 
is assessed based on the time spent looking at something that is not related to or required 
for driving.  
 
The high school drivers were not allowed to use cell phones or stereo system while 
driving during the driver education class. But they were allowed to talk with other 
passengers in the car. To maintain similar conditions, drivers from the other two groups 
were also asked not to use their cell phones or stereo systems. The additional factor 
introduced in the vehicle apart from those present when the driver is alone was standard 
conversations with passengers. The conversations were not scientifically controlled i.e., 
the talk did not begin or end at any particular location and the driver had the option of 
replying based on his/her convenience in the traffic situation. The drivers were provided 
with sufficient information about the route before beginning the drive.  
 
 All the drivers were asked to drive a section of road and their eye movements were 
tracked as they drove using faceLAB eye tracking system. The instrument was calibrated 
and adjusted for each driver before use in order to track the eye lid movement accurately. 




along with the instructor in the front passenger seat. For groups 2 and 3, two members of 
the research team, one in the front passenger seat and the other in the rear seat were 
present. The drivers from the second and third groups drove the same route while the 
high school drivers took different routes. The instructors chose the route for high school 
students depending on the experience of the drivers. The routes and driving durations 
varied highly for almost each driver in the first group. Hence, data from the first group 
was considered only for an understanding of the driving behavior of novice drivers.   
 
Drivers from the second and third groups drove along the same section of road that was 
familiar to everyone to maintain uniformity of results. They drove a three mile section of 
state route 705 which is a familiar urban roadway. An aerial image of the roadway 
section chosen is shown in Figure No. 18. They were asked to make one complete run of 
the roadway section selected i.e., they had to come back to the point from where they 
started.  
 
The route chosen required making an un-signaled left turn into the parking lot of a store 
and then returning to the origin of the trip from there. The driver needs to be alert in this 
situation as they have to make a turn against on-coming traffic. The selected section is a 
four lane road with a left turn center lane throughout the section selected. The section has 
six traffic signals, several commercial advertising boards and multiple driveways. Images 





In order to avoid the variation in results due to the traffic conditions prevailing, the study 
was conducted only during off-peak hours. Off-peak hours are chosen to avoid heavy 
traffic which increases the average time the driver is on the road causing a deviation in 
our study. Off-peak hours are also chosen as additional traffic on the road could pose 
additional distraction to the drivers. Drives are asked not to wear sun glasses as faceLAB 
may not give accurate results when sun glasses are used.  
 
The eye tracking system used recorded the eye movement of the driver along the route. 
Due to its smaller size (as shown in Figure No 24) and no direct contact with the driver, 
the set of cameras does not cause any additional distraction. However, a few drivers 
initially complained that they were concerned about the presence of the cameras before 
they actually drove. But, they later said that they were comfortable as they drove and got 
used to them. In order to get the drivers familiar with the vehicle, the drive actually 
started from a relatively big parking lot but the eye tracking was started when the drivers 
were on the road. Drivers were also told they can take an additional drive to get familiar 
with the vehicle if they feel the need at the beginning.  
 
For the high school students from Morgantown High School and University High School, 
Dodge Stratus 2005 vehicles were used. The cars used for the second group were variable 
but were all mid size. A Subaru Impreza 2008 was used for the third group of drivers. No 





A plane is created representing the center of roadway using the faceLAB software. 
Similar planes are created for rearview mirror and the side mirrors too. The eye tracking 
system works along with the faceLAB software and creates a video with digital data that 
enables us to know where the driver is looking at each 1/60
th
 of a second. A snap shot of 
how the software records the data is shown in Figure No 25. The WorldView software 
enables us to see and analyze the video at a later time. A snap shot of the visual data 
provided by the software is shown in Figure No 26. This data is later converted to text 
using the same software which provides data relevant to the driving task such as glance 
behavior, name of the object being looked, blink duration, gaze orientation, head 
orientation, co-ordinates of the eye gaze, and saccades along with several other variables. 
Only those relevant to this study are considered in order to reduce the size of the data.  
 
The driver eye glance behavior and time spent at something irrelevant to the driving task 
will yield the extent of distraction exhibited by the in-vehicle and on-road factors like 
conversations with other drivers, road side advertisements, prevailing traffic conditions, 







4. ANALYSIS      
 
The visual data converted to text gives several variables such as the head orientation of 
the driver, the gaze direction, the object the driver is looking at as he drives, object 
towards which the head is oriented, blink frequency, experiment time, gaze quality, blink 
duration, pupil diameter and various other parameters. The parameters that are relevant in 
the determination of the various factors under consideration that enable understanding the 
extent of distraction are taken into account. Parameters such as number of glances away 
from the center of roadway, average duration of glances away from the center of 
roadway, time spent looking at the center of roadway are analyzed.  
 
faceLAB gives the data in the form of variables relevant to each feature of the driver like 
eye, image features, head, timing and world. A few variables under each feature are as 
follows: 
1. Eye: blink frequency, blink duration, pupil diameter, eye closure fraction and eye 
ball position.  
2. Image features: eye pupil co-ordinates, mouth rectangle co-ordinates, face 
rectangle co-ordinates. 
3. Head: head position, eye ball position, model quality. 
4. Timing: experiment time, delay in seconds between image generation and logger 
data release. 
5. World: name of the object in the world model towards which head and gaze are 




Variables for each eye are recorded individually in faceLAB. 
 
The text format cells are imported into Microsoft Office Excel and all the files pertaining 
to each of the above mentioned variables are joined. Calculations to determine the 
percent time looking away from the center, number of glances at each object like center 
of roadway, left and right mirrors and rear view mirror are carried out. Total distraction 
time is calculated as the total time the driver is looking away from the roadway for more 
than 2 seconds and less than 5 seconds. This calculation was done using FORTRAN. The 
code used for this is given in Figure No 3. Given that a scene camera was not available, 
the traffic signal duration could not be determined while the drivers were on the road. 
Hence if the driver was looking away from the roadway for more than 10 seconds, that 
period of time was assumed to waiting at a traffic signal. A program was written using 
MATLAB and executed to determine the total traffic signal duration. This value and total 
blink duration were deducted from the total run rime and the obtained value was used in 
the determination of the variables under consideration. The MATLAB code used is given 
in Figure No 4. 
 
 A statistical analysis is carried out to using STATA to determine the extent of the 
variation in driver distraction with driver experience and gender.   The variables included 
in the analysis are percentage of time spent at looking away from the center of roadway, 
number of glances at the center of roadway, number of glances at the rear view and total 




in the levels of distraction between drivers of different experience levels, is provided in 
the following chapter.  
 
count = 0; 
trafficsignal_count = 0; 
zero_start(1:10)=0; 
zero_end(1:10) = 599; 
zero_count(1:10) = 599; 
x = length(data); 
y = 1; 
for i = 1:x 
    if data(i,y) == 0 
        count = count + 1; 
%         zero_start(i) 
        if count == 600             
            trafficsignal_count = trafficsignal_count + 1; 
            zero_start(trafficsignal_count) = i-599; 
%             count = 0; 
        end 
        if count > 599 
%             zero_end(trafficsignal_count)= zero_start(trafficsignal_count) + 1; 
            zero_end(trafficsignal_count)= i; 
            zero_count(trafficsignal_count) = zero_count(trafficsignal_count) + 1; 
        end 
         
    else 
        count = 0; 
         
    end 
end 
% trafficsignal_count_in_file(1) = trafficsignal_count 
                       









INTEGER I, count,k, fi 





IF( ISTAT .GT. 0 ) THEN 
     WRITE (*,*) ‘**** UNABLE TO OPEN INPUT FILE ****’ 
        STOP 




DO WHILE (.NOT. EOF(11)) 
      I = I+1 
      READ(11,*)T(I)     





          k=0 
20        continue 
      do 10 k=k+1,I 
p(k)=T(k) 
if (p(k)==1) then 
count=count+1 
 










                        






This study focused on comparing the extent of distraction exhibited by drivers of 
different experience levels and gender. Participants in Groups 2 and 3 were considered in 
calculating the variation of distraction. This was due to the limitations in collecting the 
data for participants of Group 1. First, sample mean values for each variable were 
compared by experience and gender. Then, the statistical analysis was carried out at a 
95% confidence level. A difference is considered to be statistically significant if the p-








Duration (not looking) 
Driving experience 
(Groups 2 and 3) 
0.7127 No 
Gender 0.6686 No 
 
Percent time spent 
looking at the COR 
Driving experience 
(Groups 2 and 3) 
0.9098 No 
Gender 0.8398 No 
 
Number of glances 
away from the COR 
Driving experience 
(Groups 2 and 3) 
0.0077 Yes 
Gender 0.0270 Yes 
 




5.1 Total Distraction Duration by Driving Experience 
 
Sample Mean Values: As shown in Table No. 2, the mean value of total distraction 
duration was higher for drivers with less than one year of driving experience. Maximum 
and minimum values are also shown in the table. Figure No. 5 shows a higher mean value 
and maximum total distraction duration for novice drivers. These values suggest a 
tendency that experienced drivers might be less distracted under regular driving 
conditions. 
 
Statistical Analysis: A t-test was carried out in order to determine if the difference in the 
distraction levels between the two groups was significant. However, the analysis did not 
yield a significant difference in the distraction (i.e., total glance duration at the COR for 
more than 2 seconds) exhibited by drivers with more than five years (Group 3) and 
drivers with less than one year experience (Group 2) at 95% confidence level. Results 
from the analysis are shown in Figure No. 6. 
 






Drivers with less than 
1 year experience 
91.2 18.8 199.3 
Experienced Drivers 
 
84.8 39.9 188.6 
                   






Figure No.  5: Comparison of Total Distraction Durations by Driving Experience  
 
 





5.2 Total Distraction Duration by Gender 
 
Sample Mean Values: As shown in Table No. 3, the mean and maximum total distraction 
duration values were observed in male drivers. A comparison of the total distraction 
duration is shown in Figure No. 7. Maximum value of total distraction duration was 
observed for male novice drivers, the duration being a total of 199.3 seconds. The mean 
total distraction duration values, as shown in Figure No. 7 suggest that the distraction 
duration may be higher for male drivers. 
 
 
Statistical Analysis: A statistical t-test was carried at 95% confidence level to test the 
variation in total distraction duration by gender. Results from the statistical analysis are 
shown in Figure No. 8.  No significant difference was observed in the total distraction 












Female 83.7 26.9 150.9 
Male 89.4 18.8 199.3 
 




      
       Figure No.  7: Comparison of Total Distraction Duration by Gender 
 
 




5.3 Percent Time Spent Looking at COR by Driving Experience 
  
Sample Mean Values: As shown in Table No. 4, the minimum and maximum percent 
time spent looking at the COR were observed for drivers with less than one year 
experience (Group 2). A comparison of the percent time spent looking at COR is given in 
Figure No. 9. There was not much difference in the average percent time spent for both 
groups. The higher percent suggests that less experienced drivers spend more time 
looking at the COR while experienced drivers scan the environment more i.e., look at the 
mirrors along with looking at the center. As a mean value of 54.7% is not high, it can be 
said that though the novice drivers look at the COR for a longer time compared to other 
drivers, they might still be distracted. 
 
Statistical Analysis: Statistical analysis of the percent time spent looking at the COR by 
experience was carried to test if the variation was significant.  However, the t-test 
analysis did not give any significant results at the 95% confidence level as shown in 
Figure No. 10.  
Experience Level Mean % Time Spent 
at center 
Minimum % Time 
Spent at center 
Maximum % Time 
Spent at center 
Drivers with less 
than 1 year 
experience 




49.18 24.58 74.35 
 





































































































5.4 Percent Time Spent Looking at the COR by Gender 
 
Sample Mean Values: The average percent time spent looking at the center was higher for 
female drivers compared to male drivers as shown in Table No 5.  The minimum and the 
maximum percent time spent looking at the COR was observed for female drivers. This 
implies that the data for female drivers is highly variable.  A comparison of the percent 
time looking at COR by gender is shown in Figure No. 11. 
 
Statistical Analysis: A statistical t-test was carried in order to test for the significance. 
The analysis did not yield any significant difference between the percent times as shown 
in Figure No. 12. 
 
Gender Mean % Time Spent 
at COR 
 
Minimum % Time 
Spent at COR 
 
Maximum % Time 
Spent at COR 
 
Female 53.05 10.28 90.6 
Male 48.54 25.73 71.05 
             



























































































Figure No.  11: Comparison of Percent Time Spent Looking at COR by Gender 
 
 




5.5 Number of Glances away from COR by Driving Experience 
 
Sample Mean Values: The number of glances at the COR was higher for experienced 
drivers (Group 3) compared to less experience ones (Group 2). The average number of 
glances at the center of roadway for both groups is given in Table No. 6. A comparison of 
the glances between experienced and less experienced groups is given in Figure No. 13.  
 
Statistical Analysis: Results of the statistical analysis are shown in Figure No. 14.The t-
test analysis yielded a significant value of 0.0077, explaining that experienced drivers 
look away from the COR more than novice drivers. This shows evidence that experienced 
drivers scan the road environment more than less experienced ones. 
  





of Glances  
Drivers with less 
than 1 year 
experience 
554 244 925 
Experienced Drivers 
 
725 265 1461 
 



































































































Figure No.  13: Comparison of the Number of Glances by Driving Experience 
 
 




5.6 Number of Glances away from the COR by Gender 
 
Sample Mean Values:  
The average number of glances between female and male drivers suggests a difference as 
shown in Table No. 7. The mean number of glances was higher for experienced female 
drivers compared to female drivers with less experience. A comparison of the number of 
glances made is shown in Figure No. 15. 
 
Statistical Analysis:  
Upon analysis, it was found that the number of glances at the roadway was higher for 
female drivers at 95% confidence level. The statistical t-test yielded a significant value of 
0.0270. Results of the statistical analysis are shown in Figure No. 16. Thus it is evident 
that female drivers make more glances at the COR compared to male drivers.  
 
Gender Mean Number of 
Glances  
Minimum Number 
of Glances  
Maximum Number 
of Glances  
Female 753 333 1461 
Male 590 244 1366 
 




































































































Figure No.  15: Comparison of Number of Glances by Gender 
 
 
Figure No.  16: t-test results for Number of Glances by Gender 




5.7 Percent Time Spent Looking at COR by Driving Experience 
(Groups 1, 2 and 3) 
Due to the limitations while recording the data for high school students as discussed 
earlier, the other variables such as number of glances at the center and total distraction 
duration is not considered in the analysis. The different routes and different trip durations 
taken by participants of group 1 did not provide for uniformity in the collection of data. A 
comparison of the percent time spent looking at the center is considered as it is based on 
the % time with respect to the total driving time per driver.   













































Figure No.  17: Comparison of Percent Time Spent Looking at COR by Driving 
Experience (Groups 1, 2 and 3) 
 
From the graph, it is evident that the percent time spent looking at the center is higher for 
group 2 drivers. As mentioned earlier, group 1 drivers are high school students in their 




they are asked by the instructor to look around while making a turn or when at an 
intersection. The route, in which the high school students drove, though different for 
almost each driver, had more turns and intersections compared to the route taken by 
drivers from groups 2 and 3. This is the reason for eliminating the first group from other 
calculations.  
 
The number of glances made by the high school students was also high as they are asked 
to look around by the instructor. But, when on a straight stretch of road, high school 
students were looking only at the COR. The presence of the instructor beside them and 
their inexperience could deter them from a better scanning of the environment. A few 
students were being graded in their driving class as the experiment was being carried out. 




6. SUMMARY AND CONCLUSIONS 
 
This study helps understand the variation in the extent of vehicle operator distraction by 
driving experience and gender. The main emphasis of the study was made on the visual 
distractions that drivers involve in a real world scenario. On-road and in-vehicle 
distractions were held constant for all drivers in the sample as much as possible. These 
distractions included comparable standard conversations with other passengers in the 
vehicle, similar traffic conditions, constant traffic control devices and billboards along a 
pre-established route. In order to test the distraction caused solely by auditory-verbal 
distractions of a conversation, the distraction from other factors would have to be 
eliminated. This is not possible in a real road environment. Hence, auditory and verbal 
distractions were considered along with constant general distracting factors present along 
the roadway common to all drivers in the study.  
 
Even though no significant difference was observed in total distraction duration and 
percent time spent looking at the COR by experience level and gender, the mean values 
of the sample suggest inherent differences between groups. The mean values of the 
variables for both groups differed, suggesting a higher level of distraction in the less 
experienced group. A significant statistical difference however, was observed in the 







Interpretation of Results Based on Driver Experience: 
The mean total distraction duration was found to be higher for drivers with less than one 
year experience (Group 2). This implies that drivers with less experience can get 
distracted more easily, i.e. they look continuously away from the COR for more than two 
seconds more often. 
 
The mean percent time spent looking at the COR was higher for less experienced drivers 
(Group 2) compared to experienced drivers (Group 3). This did not include the time when 
drivers were looking at the mirrors. It was observed from the data recorded that 
experienced drivers in the third group looked at the mirrors more often than the less 
experienced drivers in the second group. This could be one of the reasons for the reduced 
percent time spent looking at the COR for experienced drivers.  
 
On the other hand, the number of glances away from the COR was higher for experienced 
drivers. In other words, experienced drivers (Group 3) looked away from the COR more 
than the drivers with less than one year of experience (Group 2). Thus, it can be inferred 
that experienced drivers look for vehicles around them and also observe the roadway 
environment for any approaching vehicles at driveways and intersections or a situation 







A comparison between the total distraction duration and percent time spent looking at the 
roadway provides information to better understand the variation of distraction depending 
on driver experience. As described earlier in the methodology section, distraction 
duration is the total time a driver is looking away from the COR for more than two 
seconds. All these distraction intervals added together is the total distraction duration 
time. A reduced sample mean of total distraction duration for the experienced drivers, in 
spite of the reduced percent time spent looking at the center, can be due to the fact that 
experienced drivers look away from the COR by making quick glances (less than two 
seconds) and glance back at the COR frequently. That means experienced drivers do not 
keep looking at something outside the roadway continuously (more than two seconds). 
Unlike experienced drivers, less experienced drivers in the second group glance at an 
object or event for a longer duration. It can be said that, even though experienced drivers 
take more glances and look away from the COR for a longer time, they are less distracted 
compared to young and novice drivers. The fact that experienced drivers have a higher 
number of glances away from the COR supports this reasoning. 
 
Interpretation of Results Based on Driver Gender: 
The mean total distraction duration for male drivers was higher than that for female 
drivers while the mean percent time spent looking at the center was lower for male 
drivers. Hence, the above sample mean values suggest that male drivers can be more 
distracted under regular driving conditions (in the absence of additional distracting 
factors), as they spend less time looking at the COR. The difference though, was not 




number of glances made away from the COR and female drivers made more glances 
compared to male drivers. Thus, taking into account the sample mean values of all the 
distracting factors considered, female drivers looked away from the COR often but 
glanced back at the roadway more frequently exhibiting, therefore, a better scanning of 
the roadway. It is important to note that this higher number of glances away from the 
center also include the glances made while attending secondary tasks such as 
conversations in the vehicle. It was observed that drivers made glances at the rearview 
mirror while talking to the passenger in the rear seat. This is due to the fact that female 
drivers were observed to look at the passengers while conversing with them, during the 
experiment. A few female drivers did not make a correct assessment of the gap against 
oncoming traffic while making the unprotected left turn in the drive i.e., the approaching 
vehicle was observed to be too close to the test vehicle. In addition, most of the female 
drivers in the sample were also part of the experienced group; a better balance in the 
numbers of experienced/novice drivers in male and female groups of drivers could 
provide more accurate conclusions in that respect. 
 
It can be said, from the results obtained and the above discussion, that experienced 
drivers do not look at the COR continuously for a long time. Instead, they make frequent 
short glances at the roadside environment and scan the roadside environment. In 
comparison, less experienced drivers spend more time looking at the COR and when they 
glance away, they take longer periods of time before they glance back at the road. It was 
also observed that less experienced drivers made fewer glances at the rear view mirror 




defensive type of driving for experienced drivers and a lack of proper awareness of 
roadway and traffic conditions for less experienced drivers.  
 
From the above calculations and interpretations it is found that, along with other common 
factors like roadside advertisements, billboards and traffic, verbal conversations are a 




7. RECOMMENDATIONS AND FUTURE RESEARCH 
 
The study was conducted on a busy state route. This section of roadway has many 
driveways, roadside advertisements and intersections. Any small distraction on this type 
of road may lead to a crash. The total distraction duration did not vary for drivers with 
different experience level or gender. The reason may be the familiarity of the route to all 
drivers. Studying the driver behavior on an unfamiliar route or by varying the distraction 
factors can lead to a better understanding of the variation of distraction by experience. 
The average percent time spent looking at the COR was around 50% for drivers in both 
experienced and less experienced groups. Since the route was familiar to all drivers, this 
most likely reduced the possibility of a crash, but it could be quite different in case of an 
unfamiliar road. Hence a consideration of the percent time spent looking at the roadway 
based on familiarity and type of street can lead to a better understanding of the time a 
driver spends looking at the COR. 
 
It was observed during data collection that the drivers made more glances at the rear view 
mirror when talking to a person in the rear passenger seat. This increased number of 
glances away from the roadway can lead to a crash. The total number of glances was 
higher for the experienced group of drivers. Evaluating the time spent looking away from 
the COR for each glance can help determine if this higher number was due to distraction, 





Less experienced drivers made very few glances at the mirrors. It was also observed that 
few drivers drove above speed limits and less cautiously when taking the un-signaled left 
turn in the drive while talking to the passenger in the vehicle. Proper traffic control 
devices and signing at local street intersections is therefore important for reducing the 
crashes involving young and novice drivers given that their attention concentrates on the 
COR. The size and location of the signs also play a major role in attracting the attention, 
particularly of novice drivers. The roadway design is important as well. It should be 
favorable to the road user and provide a better field of view of adequate section of 
roadway without confusion. 
 
Many of the new technologies that have been introduced into the driving environment by 
the vehicle manufacturers, the operators, or advertisers increased the number of 
distractions a driver is exposed to, both on road and inside the vehicle. While young 
drivers may be more comfortable using new technologies like GPS, cell phones, etc., it 
has been established, from past research, that cell phones contribute to distraction; and 
thus, increase the possibility of crashes. Even though conversations with passengers are 
said to distract, conversations conducted over cell phones are considered to be more 
distractive. This is due to the fact that a conversation with a passenger can be stopped 
when a traffic situation deserves attention. However, this is not the case with cell phones 
due to obvious reasons. The driver may hold a conversation over the cell phone when 
his/her attention is needed, but the person on the other side, unaware of the situation 
might continue talking, which could lead to distraction. It is hence important that novice 




awareness of the risks of using these devices while driving and greater enforcement of 
relevant laws is necessary to help mitigate the number of distraction-related crashes 
involving young and novice drivers. Some cities in the United States have banned cell 
phone use while driving or have suggested the use of hands-free devices. A study of the 
variation in driver distraction by cell phone use can help in developing ways to mitigate 
the effects of cell phone use while driving. 
 
Further research on the extent of verbal conversations alone and comparing the number 
of saccades and occlusions made by each driver would give a better understanding of the 
variation of auditory-verbal distractions with experience. Considering the mental and 
physical condition of the driver while on the road can help in determining whether the 
















































Figure No.  24: Images showing the roadway conditions prevailing along the section 
selected 





Figure No.  25: Arrangement of Eye tracking system 
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